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ABSTRACT

Racemic astaxanthin was fed to rainbow trout (Salmo
gairdneri) for 2,

4, and 6 weeks.

The fish showed a

bright pink coloration of the skin and flesh;

the highest

amount of astaxanthin (162 ug/lOOg) was found in the skin
of fish fed the t est diet

for

six weeks.

Lutein,

}-epilutein, and zeaxanthin were also dete~ted in the
flesh and skin;

it was concluded that astaxanthin was

converted
' to zeaxanthin in the skin.

The mean vitamin A

content of the liver was determined; the ratio of vitamin
There was no
A1 :vitamin A2 was approximately 1:3.
signifi ca nt difference in the vitamin A content of the
contro l

and

experimental

fish;

astaxanthin was not functioning as a

this

proves

that

vitamin A precursor

in vitamin-A-rich rainbow trout.
Retinol and 3,

4-dehydroretinol were extracted from

the intestine of rainbow trout low in vitamin A, after
force

feeding with astaxanthin using a feeding tube.

Antibiotic-treated

fish

had

no

marked

difference

in

vitamin A content compared with a control group that
received no antibiotic.

This proves that astaxanthin was

converted to vitamin A in . fish depleted of vitamin A, that
microorganisms were not involved in the conversion, and
that conversion occurred in the intestine.
study

using 3H

3S,

An

in

vitro

3 s' - a s t a x a n t h i n i n c u b a t e d w i t h

duodenal and ileal segments of the intestine provided
HPLC and radioisotope data,

which showed that rainbow

trout were able to bioconvert astaxanthin to vitamin A.
The results confirmed earlier observations.
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PREFACE

This
format.

dissertation

is

written

The style followed

is

in

that

the

manuscript

recommended for

publication in Comparative Biochemistry and Physiology.
The text consists of three manuscripts:

I.

Pigmentation and metabolic transformation of
~f

II.

astaxanthin in rainbow trout (Salmo gairdneri).

Conversion of astaxanthin to vitamin A1 and Az
in rainbow trout.

III.

In vitro metabolism of 3H2 - 3S, 3S- astaxanthin
in rainbow trout.

There are three appendices:

Appendix A contains a

literature review of the pigmentation and metabolism of
astaxanthin in fish.
aquaria for trout.

Appendix B describes laboratory

Appendix C contains a bibliography of

the whole dissertation.
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MANUSCRIPT I

PIGMENTATION AND METABOLIC TRANSFORMATION
OF ASTAXANTHIN IN RAINBOW TROUT
(SALMO GAIRDNERI)

'

ABDULRHMAN S. AL-KHALIFAH

DEPARTMENT OF FOOD SCIENCE AND NUTRITION
UNIVERSITY OF RHODE ISLAND
KINGSTON, RHODE ISLAND

02881 (USA)

ABSTRACT
Rainbow trout (salmo gairdneri) with an average weight
of 90 g were divided into fo u r g r oups - a control and three
experimental groups, each fed p i gmented

'

.....

iets with racemic

\

astaxanthin (3S, 3S), (3S, 3R), (3R, 3R) (1:2:1) at a dose
of 100 mg/kg of diet for two, four or six weeks.
The experimental fish showed a bright pink coloration
in the skin and fle s h, while control fish were gray.
Carotenoids were deposited mainly in the skin; a small

' found in the flesh.
amount was

The highest amou nt of

astaxanthin (162 ug/lOOg) was found in the skin of fish fed
the test diet for six weeks.

'
Lutein, 3-epilutein,
and ze axanthin were also detected
i~

the flesh and skin.

Zeaxanthin was higher than other

caroteno i ds in the skin of the six week group, while t he
other carotenoids were about the same for all four groups.
This proves that there was a conversion of astaxanthin to
zeaxanthin.
The mean vitamin A content of the liver was determined,
and the ratio of vitamin A1 :vitamin A2 was approximately
1:3. There was no significant difference in the vitamin A
content of the control and experimental tissue.

This is an

ind i cation that astaxanthin was not functioning as vitamin A
precursors in the liver of vitamin A-rich rainbow trout.
Only vitamin A1 was detected in the blood and the
quantity ranged from 6-7 ug/100 ml of serum.
2

Introduction
Carotenoids are the main pigment of many aquatic
animals, especially farmed fish.
rainbow trout,

In salmonids such as

astaxanthin (3,3' -dihydroxy-p,p -carotene,

4 , 4' - d i o n e ) i s r e s p o n s i b l e f o r t h e t y p i c a l l y p i n k c o l o r
of the flesh.

The astaxanthin

(Steven 1947) and is
salmon and trout.
used as

~igmenters

is of dietary origin

important in the cultivation of

In aquaculture, astaxanthin is commonly
(Bauenfeind 1976; Simpson et al. 1981).

It is generally assumed that carotenoids cannot be
synthesized de novo by animals, but many marine animals
have the metabolic capacity to modify dietary carotenoids
structurally (Liaaen-Jensen 1978; Tanaka 1976a, b).
Vitamin A has
nutrient for animals.

long been known as an essential
The major source of vitamin A is

p -carotene.

the plant carotenoids, mainly

About two

thirds of the vitamin A necessary in human nutrition is
supplied by,S-carotene (William 1971).

Animals, including

humans, can not synthesize carotene but can convert some
carotene to vitamin A (Krause and Mahan 1979).
The provitamin A character of carotenoids has been
extensively studied in mammals and birds.

In fish and in

aquatic animals generally, the question of the conversion
of carotenoids into vitamin A has remained relatively
obscure, being further complicated by the presence of

3

vitamin A2, which frequently predominates over vitamin A1
in freshwater fish.
Earlier r eports indicated that both vitamins A1 and
Az can be formed from a common precursor such as
jJ carotene (Morton and Creed 1939 ) or cryptoxanthin (Goswami
1984).

It has been shown that 3-dehydroretinol can be

formed from lutein vi

anhydrolutein in several species of

freshwater fish (Barua et al. 1973, 1979; Barua and Das
1975; Barua and Goswami 1977).
that

lu~ein

Thus it was established

acted as one of the best precursors of 3,4-

dehydroretinol.

Recently,

astaxanthin was reported as a

precursor of vitamin A in depleted freshwater fish
(Schiedt et al. 1985; Gross 1966 et al.).
Some reports have been made of carotenoid metabolism
in marine fish.

Studies on pigmentation of yellowtail and

red sea bream with krill oil indicated that astaxanthin
might be converted into tunaxanthin (Fujita et al. 1983a,
b).

Miki et al. (1984) reported that dietary astaxanthin

esters were converted to idoxanthin and doradexanthin.
Metabolism of carotenoids
freshwater fish:

has

also been

reported

in

gold fish and red carp (Hata and Hata

1972a,b, 1975, 1976; Tanaka et al. 1976a,b; Hsu et al.
1972; Matsuno et al. 1979, 1981), tilapia (Matsuno 1980;
Matsuno and Katsuyama 1982), cat- fish (Matsuno and Nagata
1980), and rainbow trout (Schiedt 1985, 1986).
In our study,

we determined the retention and

4

distribution of carotenoids in the skin, flesh, liver, and
blood of rainbow trout (Salmo gairdneri).

Materials and methods
Rainbow trout Salmo gairdneri with an initial weight
of 35 gm were purchased from Plymouth Rock Trout Company
(Plymouth, MA).

The fish were acclimated for three months

on the commercial trout feed that they had previously been
fed.

Then they were divided into four groups - a control

a nd t h r a.e e xp e r i me n t a 1 g r o u p s ,

e a c h f e d a p i g me nt e d d i et

for either two, four or six weeks.

Each group had 15 fish

with an average weight of 90 g and was maintained in a
470-liter fiberglass tank supplied with aerated fresh
water.

The water temperature was kept at 11-13°C and the

oxygen level at 8 ppm.

The fish were fed at a rate of 2%

of their body weight per day.

Fish diets
The control diet was a commercial trout feed (Ziegler
Bros. Feed Mills Inc., Pennsylvania).
The test diet was prepared using the commercial trout
feed.

The feed was mixed with 100 mg/kg of racemic

astaxanthin (F. Hoffman-LaRoche Ltd., Basle, Switzerland);
20 g of gelatin was disolved in 400 ml of hot water and
thoroughly mixed with the astaxanthin-treated feed.

The

mixture was shaped into "spaghetti" by forcing it through

5

a grinder fitted with a plate with small openings.

The

spaghetti was air-dried at -20°c for twenty minutes and
broken into small pellets.

The test diet was refrigerated

until used.

Samp ling.
At the end of every feeding study, the fish were
anesthetized with a MS-222 (Sigma Chemical Co., St. Louis,
MO) solution, and blood samples were taken at the caudal
p e d u n c,1 e u s i n g h e p a r i n i z e d s y r i n g es •

T h e f i s h we r e

sacrificed immediately after the blood sample and the
livers were pooled.
200c

for

further

The fish and livers were stored at -treatment and analysis.

The blood

samples were centrifuged at 1300 xg for 15 minutes in a
cold room.
ml

The plasma was then withdrawn and placed in 2-

screw-cap

vials;

the head

space

was

filled

nitrogen and the vials were tig htly screwed.

with

The plasma

was stored at -20°c for further analysis.

Carotenoid analysis.
Skin and Flesh.
The frozen fish were thawed, cleaned and washed,
and the head and entrails were removed.

The skin and fins

were carefu 1 ly separated from the f 1 esh.
minced with a knife.

The f 1 esh was

The pigments were extracted

separately from the skin and from the flesh with acetone

6

in a waring blender.

The acetone extracts were then

diluted

and

with

water,

the

lipids

including

the

carotenoids were ex t racted with petrole um ether until all
pigments were removed.

The mixture was evaporated and the

residue was then separated on a Microcel-C column using 14% acetone in petroleu m ether as developing solvent.
The astaxanthin content was determined in the
respective diester, monoester, and free fractions using

E~% cm=l910 for calculating the astaxanthin equivalent
(Schied\ 1986).

The yellow xanthophyll fractions were

saponified with a solution of 15% KOH in methanol.
alkaline mix

The

re was left at room temperature in the dark

under nitrogen for 16 hrs.

After the saponification was

completed, the pigments in each sample were transferred
into a mixture of petroleum ether and ethyl ether by the
add i tion of water.

The ether solutions were combined in a

se pa ratory funnel and washed repeatedly with water unti 1
they were free of alkali.

Lutein, 1-epilutein and

zea xanthin were separated by HPLC using acetonitrile and
methanol (95:5) at a flow rate of 1.5 ml/min.

Liver.
The frozen livers were thawed, dehydrated with MgS0 4
and extracted with acetone. The extract was filtered
through filter paper and the filtrate was evaporated.

The

residue was re-dissolved in a certain volume of hexane.

7

The approximate vitamin A content (A1+A2)

was

then

determined by spectrophotometry using max=328 for vitamin

1%

A in hexane, assuming an average E1 cm = 1500 (Schiedt
1986).

Subsequently the lipid extract was saponified.

Finally, the residue was dissolved in a chromatographic
solvent

system,

ACCN,

DCM,

MEOH

(70:20:10),

and

this

solution was applied to the HPLC at a flow rate of 0.5 ml/
min.

BloQd.
For the analysis of carotenoids in plasma, 1 ml of
plasma was pipetted into a test tube.
was added,

One ml of ethanol

and the tube was shaken for 20 sec, 1.2 ml of

h e xa ne was added, and the tube was shaken vigorously for
40 sec.

The mixture was then centrifuged, and 1 ml of the

hexane phase was transferred to a second test tube.
tube was

placed

in

a water

evaporate the hexane.

ACCN:DCM:MEOH

at

60°c under N2 to

The lipid was dissolved by mixing

it for 30 seconds with 0.5
solution,

bath

This

ml of HPLC mobile phase

(70:20:10),

and this solution was

injected into the HPLC at a flow rate of 1.5 ml/min.

Instrumentation.
The HPLC system was a Waters model 6000-A solvent
delivery system (Waters Assoc., Milford, MA), a Waters U6K
injection

system,

and

a

Perkin-Elmer

8

LC-85

Spectrophotometric detector connected to a Perkin-Elmer
LCl-100 integrator (Norwalk, CT).

The column contained a

c-18 10-micron r everse phase packing and was 25 cm in
length x 4 mm in diameter (E. Merck, West Germany).

Solvents.
Chromatographic mobile phases
of HPLC-grade acetonitrile (ACCN),

consisted of mixtures
dichloromethane (DCM),

and methanol (MEOH) (Fisher Scientific, Medford, MA).

Al 1

solvent\ were filteres through a <0.45 um membrane filter
(Gelman, Ann Arbor, MI).

Acetone and petroleum ether (PE)

were distilled before use.

Standardization.
Crystalline retinol

(vitamin A)

purchased from Sigma Chemical
Crystalline dehydroretinol
gift

by

Hoffmann

and ,B-carotene were

Co.

(St.

Louis,

MO).

(vitamin A2 ) was provided as a

La-Roche

(Switzerland).

Lutein,

3-

epilutein and zeaxanthin were extracted and isolated from
spinach (Yamamoto et al. 1962), mackerel (Motsuno et al.
1980),

and corn (Quackenbush et al. 1961), respectively.

Retinol was purified several times according to the
procedure described by Bieri et al.
lutein,
times

(1976).

~ -carotene,

'
3-epilutein
· and zeaxanthin were purified several
on a MgO

crystallized

column

(Davies

(Tanaka et al.
1976).

Purified

9

1981) and reretinol

and

carotenoids were dissolved in a chromatographic solvent
system and injected into the HPLC instrument.

Standard

curves were generated by a linear relationship between
carotenoids and retinal concentration and peak area.

Statistical analysis
Variation among samples were tested for significance
with analysis of variance (little et al. 1978).

Results

\

Rainbow trout fed the test diet containing racemic
astaxanthin for two weeks showed a slight pink coloration
in the skin and fins.

The fish fed the test diet for four

and six weeks had strongly colored red skin, while the
fish on the control diet were gray.
The carotenoid composition of each g r oup of fish at
the end of the study is given in Tables 1 and 2.

Table 1

shows the carotenoid levels in the skin of fish from each
group.

The highest amount of total

astaxanthin (162

ug/lOOg) was found in the skin of fish fed the test diet
for six weeks.
fish.

No astaxanthin was detected in the control

Zeaxanthin and 3-epilutein were also detected in

the skin.

The 3~epilutein levels were about the same for

all

groups,

four

while zeaxanthin

increased

with

increasing exposure to astaxanthin.
The carotenoid compositions of the flesh are also

10

p e s ented in Table 1.

Free astaxanthin was found to be

the predominant pigment in all t hree experimental groups.
Lutein and zeaxanthin were found in small quantities.

No

astaxanthin was detected in the control group.
A HPLC chromatogram of vi tamin A extracted from the
liver of rainbow t r out is sh own in Figure 1.

Th e mean

vit a min A content of the liver is presented in Table 2.
The ratio of Ai:A2 was approximate l y 1:3.

There was no

significant difference in the vitamin A content of the
livers of the control and experimental fish.

Table 2 also

shows the vitamin A content of the b l ood.

Only vitamin A1
was determined and the quantity ranged from 6-7 ug/100 ml
of plas ma.

No lutein or zeaxanthin was detected in th e

liver or blood.

/!>-carotene was not detected in either

liver, blood, skin or flesh of rainbow trout.

Dis cussion
In all four groups, most of the astaxanthin and other
carotenoids accumulated in the skin and flesh.

The final

astaxanthin concentration in the flesh and skin of rainbow
trout was in agreement with findings of Kamata (1976,
1985), Lambertesen and Braekkan (1979), and Torri sen and
Simp s on et al. (1981); higher values were obtained by Foss
et

al.

(1984)

and

Johnson

et

al.

(1980).

T he

discrepancies may be ascribed to different experimental
and environmental conditions.
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The dietary carotenoid

concentration and duration of feeding may influence the
deposition rate (Choubert and Luquet, 1982).
known that sexual

maturity plays an important role

In

pigmentation.

It is also
in

the present expe r iment no sexual
F i s h s. i z e i s a n o t h e r l i mi t i n g

ma t u r a t i o n w a s o b s e r v e d •

factor for pigmentation (Deufel 1965; Choubert and Luquet
1975).

The presence of free astaxanthin in the flesh and

astaxanthin

ester in the skin of the fish could indicate

that astaxanthin was incorporated in the free form into
the

fle~h

and later transferred to skin, to where it was

esterified and stored.
The absolute content and relative compnsition of the
yellow xanthophyll

was the same for the control

group as

for the three experimental groups except in the skin where
there was a greater content of zeaxanthin.
that

there

is

metabolism

of

astaxanthin into zeaxanthin.
reaction
animals

of

the

the

administered

of

Thommen 1971;

zeaxanthin

many

1976a, b).

to zeaxathin was

other marine and freshwater fish

in

Buchecker 1981)

in fish (Hata et al. 1971; Tanaka et al.
conversion of astaxanthin

racemic

This conversion is a reverse

keto-oxidation

(Goodwin 1971;

This proves

and
The

found

also

in

(Kitahria 1985;

Miki

et

al. 1985; Scheidt 1985).
The 3'-epilutein was not greater in the astaxanthinsupplemented groups; hence it must be assumed that dietary
lutein

is

first

deposited

in

12

the

flesh

and

possibly

e p i mer i z e d i n t h e s k i n t o 3'- e p i 1 u t i n.

Th ere w e r e n o

significant differences in vitamin A c ontent of liver and
blood, indicating that astaxanthin was not converted to
vitamin A in the

vitamin-A-saturated fish,

in which

dietary retinal is dehydrogenated to A2 in the intestinal
wall.

'

13
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Table 1.

Type
of Sample

Skin

Concentration of Carotenoids in skin and flesh
of rainbow trout (ug/lOOg)

Carotenoid

3'-epilutein
zeaxanthin
astaxanthin
, astaxanth in
monoester
astaxanthin
di ester

Control

3o.o(l)
10.0

TOTAL astaxanthin
Flesh

Lutein
Zeaxanthin
astaxanthin

1.0
0.7

Period fed t est diet
4 weeks
6 weeks
2 weeks

30.0
15.0
10.0
12.0

40.0
18.0
9.0
16.0

40.0

80.0

120.0

62.0

105.0

162.0

0.9
0.7
61. 0

1.0
0.7
72.0

1.0
0.7
90.0

(l) Data presented as mean for six replicate, for value with
superscripts are significantly different at 0.05.
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40
21.0*
12.0
30.0

Table 2. Mean vitamin Ai and A2 content of liver and blood of
rainbow trout

Control

2 weeks

A2
Ai

70
24

Total Vit. A

Carotenoid

Type
of sample

Liver (i)

Vitamin Ai

Blood (2)

4 weeks

6 weeks

25

70
24

70
25

94

93

94

95

7

6

6

7

68

'
(i)
(2)

content as ug/g
content as ug/100 ml
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Figure 1.

HPLC chromatogram of retinal in rainbow trout
liver. Peak: 1, dehydroretinol (A2); 2, A-re
(A 1 ). Condition: ACCN:OCM:MEOH = 70:20:10;
rate, 0.5 ml/min.
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MANUSCRIPT II

CONVERSION OF ASTAXANTHIN TO VITAMINS Al AND A2 IN
RAINBOW TROUT (SALMO GAIRDNERI)

'

ABDULRHMAN S. AL-KHALIFAH

DEPARTMENT OF FOOD SCIENCE AND NUTRITION
UNIVERSITY OF RHODE ISLAND
KINGSTON, RHODE ISLAND

02881

(USA)

ABSTRACT

Rainbow trout (Salmo gairdneri) weighing
approximately 500 g were fed for 35 days on a diet free of
vitamin A and carotenoids.

A control group received no

further tre a tment, was sacrificed, and had a low vitamin A
content in the intestines.

One group received

tetracycline during the last 7 days of feeding.

This and

another group were force-fed 100 ug of astaxanthin,
dissolved in a

'
stomach through

volume of Tween 20, directly into the
a feeding tube.

The fish were then

sacrificed after seven hours.
determined using HPLC.

Vitamin A1 and A2 were
The results showed that

astaxanthin increased the vitamin A content in the
intestine.

This indicates that astaxanthin converted into

vitamin A.

There was no marked difference in vitamin A

content between the two experimental groups.

This shows

that microorganisms do not seem to be involved in the
conversion.

The astaxanthin uptake was about 10 percent.
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Introduction
Animals differ in their intestinal metabolism and
uptake

of

Mammals,
while

carotenoids

for

fish

example,
and

through

the

intestinal

~-carotene,

preferentially absorb

birds

absorb

the

wall.

3,4-oxygenated

xanthophyl ls much better.
Several carotenoids capable of acting as provitamin A
are known

(Moore 1957),

and

it

has

been

conclusively

established that a number of carotenoids with at least one

unsubst~tuted
isoprenoid

f>-ionone

side

chain

ring
can

and

serve

a

fully

as

the

conjugated

precursor

of

retinol in mammalian and avian species.
Fish and birds utilize the oxygenated carotenoids;
xanthophylls are indicated as
precurso r s

in freshwater fish.

possible vitamin A1
Earlier reports

and A2

indicated

that both vitamin A1 and A2 can be formed from a common
precursor such as fJ-carotene (Morton 1939;

Hata 1973).

Various

species

authors

claim

that

in

several

of

freshwater fish lutein is a precursor of dehydroretinol
via anhydrolutein (Barua et al.
et

al.

1981,

1982,

1983,

1973,

1984).

1977,
Gross

1979;
et

found evidence of conversion of astaxanthin,
and zeaxanthin
guppies

and

as tax ant hi n

is

Goswami

al.

(1966)

canthxanthin

via ~-carotene to vitamin A1 and A2 in
platies.
converted

wall of H. fossilis.

Goswami

(1984)

found

to !>-carotene i n the

Schiedt et al.
28

(1985)

that

i n test i n a 1

proved that

astaxanthin could be a precursor of vitamins A1 and A2 in
vitamin-A-depleted freshwater fish.

The formation of

vitamin A2 from astaxanthin occurs in many steps (Granqud
et al. 1957).

The purpose of this s t udy was to determine

whether the conversion was caused by microorganisms or if
it was a property of the fish intestine itself.

'
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Materials and Methods
Animals
Rainbow trout

(Sal~£

gairdneri) weighing approxi-

mately 500 g were obtained from the fish culture unit of
the University of Rhode Island.
14~2oC

Fish were maintained at

All the fish were fed for 35

in fiberglass tanks.

days on a diet free of vitamin A and carotenoids.
group (Group 1; 4 trout) was then sacrificed.

One

Another

group (Group 2; 8) was force-=fed astaxanthin and then
sacrifie~ after 7 hours.

A third group (Group 3; 8 trout)

received tetracycline mixed with the feed during the last
7 days of the 35 days, was then force-fed astaxanthin, and
sacrificed after 7 hours.

The experimental design is

shown schematically in Figure 1.

Antibiotic administration
Tetracycline hydrochloride (purchased from the Sigma
Chemical Co., St. Louis, MO) was mixed with the feed (600
mg/kg).

One group of trout was fed the diet daily for the

last 7 days of the experiment.

Astaxanthin administration
Astaxanthin was dissolved in a certain volume of
Tween 20.

Fish

were

anesthetized

Chemical Co., St. Louis, MO).

with MS222

(Sigma

For each fish, 100 ug of

astaxanthin, prepared as above, was administered directly
30

into the stomach through a feeding tube attached to an
injection syringe.

Seven hours after administering the

astaxanthin, fish were sacrificed and the intestines were
pooled.

'
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Analytical methods
The intestines of each fish were removed, c ut into
small pieces, and ground with anhydrous sodium sulfate.
carotenoids and retinal were extracted with acetone.
carotenoids were t r ansferred to diethyl
addition

ether by the

The aqueous

of distilled water.

extracted with ether several times.

The

phase was

The combined ether

fractions were washed with distilled water and dried over
anhydrous sodium sulfate.
a rotary'

evaporator

Then the solvent was removed on
to

obtain

an

oily

substance.

Astaxanthin content was determined by the method of AlKhalifah and Simpson (1986).
(Davis 1976).

The sample was saponified

Finally, the residue was dissolved in a

chromatographic

solvent

system,

Acetonitrile

(ACCN),

dichloromethane (DCM) and methanol (MEOH) (70:20:10) and
was injected into the HPLC at a flow rate of 0.5 ml/min.

Standard and standard curve
Retinal

(vitamin A1 ) was purchased from Sigma
Chemical Company (St. Louis, MO); dehydroretinol (vitamin
A2) was a gift from Hoffmann La-Roche Co. (Switzerland).
The retinal was purified by alumina column chromatography
(Bieri et al. 1979).

Retinal was purified several times

until the HPLC chromatogram showed no peaks except for
Vitamin A.
For quantification,

retinal and dehydroretinol were
32

dissolved in petroleum ether, and the concentration was
measured

by

spectrophotometer atAx=328.

The exinction

coefficient values in petroleum ether are 1832 and 1455
for retinal and dehydroretinol, respectively (Barua 1973).
Petroleum ether was evaporated in a rotary evaporator
and the residue was reconstituted in the chromatographic
solvent
injected

system.
into

The

resulting

retinal

solution

was

the HPLC and a linear relationship was

obtained between vitamin A concentration and peak area.

'
Liquid chromatography
The HPLC instrumentation consisted of a Waters model
6000A solvent delivery system (Waters Assoc.,

Milford,

MA), a Waters U6K injector system, and a Perkins-Elmer LC85 spectrophotometric detector connected to a Perkins-

Elmer LCl-100 integrator (Norwalk, CT).
stainless steel

column (25 X 0.4 cm)

A 10-um, C-18

was used (Merck,

Germany).
The chromatographic mobile phases were mixtures of
HPLC-grade acetonitrile,
(Fisher Scientific,

dichloromethane and methanol

Medford,

MA).

A11

sol vents were

filtered through a <0.45 mm membrane filter (Gelman,
Arbor, MI).
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-ResultsA chromatogram

of an intestine extract is presented

in Figure 2 and shows the two peaks of vitamins Ai and A2·
The content of carotenoids isolated from the intestine are
shown in Table 1.

The intestines of Group 1 rainbow

trout,

which had been fed the vitamin-A-free diet for 35

days,

were free from carotenoids and vitamin A in the

ileal portion, but not in the pyloric caeca (duodenum).
As shown in Table 1, only about 10% of the astaxanthin was
taken up

b~

the fish.

Astaxanthin increased the vitamin A content of the
intestines of Group 2 and Group 3, compared with that of
Group 1.

However, there was no marked difference in

vitamin A content between the two astaxanthin-treated
groups.

The ratio of Ai:A 2 was approximately 1:2 in both
Group 2 and Group 3.

Discussion
The role of 3, 4-oxy carotenoids as precursors of
vitamin A is

revealed

in

this

study.

The

marked

difference between the levels of vitamin A in the
intestine before and after astaxanthin was administered
indicated that astaxanthin was converted into vitamin A.
This is evidence that astaxanthin undergoes biological
reduction

and

observation is

clevage

to

yield

vitamin

A.

This

in agreement with earlier findings
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(Grangaud 1962; Gross et al. 1966; Schiedt et al. 1985).
The possible formation of 3,4-dehydroretinol (Vitamin
A ) from astaxanthin in rainbow trout was also
2
It was found that
investigated in the present study.
astaxanthin can serve as a precursor of 3,4-dehydroretinol
in

the

that

intestine of
retinal

is

dehydroretinol.

these

the

It

fish.

immediate

was concluded

precursor

of

3,4-

This conclusion is in agreement with the

finding of Hata et al. (1973), Lambertsen et al. (1969),
and Schiedt (i985).

The metabolism of carotenoids to

yield 3,4-dehydroretinol in freshwater fish
of great interest.

is currently

Earlier studies suggested that

xanthophylls based on ,9-carotene are precursors (Gross et
al. i966), while a more recent view is that lutein
carotene,

(/9 ,f

-

3,t diol) is the precursor in !:h_ Fossillis,

Channa striatus (Barua et al. i973, i977; Groswami et al.
i98i), and Mystus vittatus (Goswami i984).
can also be the precursor in H.

Cryptoxanthin

Fossillis and Channa

striatus (Goswami i984).
From studies of administering astaxanthin to Gambusia
holbrooki,

Granguad et al.

(i962) determined that the

probable steps leading from astaxanthin to vitamin Ai and
A2 are as follows

(Figure 2):

a.

reduction of astaxanthin to ?>-carotene

b.

conversion of

c.

dehydrogenation of vitamin Ai to A2

fo

-carotene to vitamin Ai
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This metabolism involved many steps.
In th i s study using antibiotic-treated fish, it was
shown that a microorganism does not seem to be involved at
any steps of the reduction or cleavage.

Also, it was

proven that the conversion occurred in the intestine of
the fish.
The astaxanthin absorption rate of 8 to 10% (Table 1)
agrees very well with that of previous studies (Goswami
1984; Schiedt 1985).
The

rat~o

of A1:A2 of about 1:2 is different from the

ratio of 1:4 found by Schiedt (1985).

The difference

could be explained by the time between astaxanthin
administration and sacrifice (7

hours)

in our study.

Perhaps equilibrium was not achieved in that time period.
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Table 1.

Exp.
No.

Amount of vitamin A isolated from the intestine of
rainbow trout, raised on vitamin A-deficient diet.

No.

of Fish

Amount of
astaxanthin
administered

Total Vitamin A(ug)
vitamin vitamin total
A1
A2
vitamin

Astaxanthin ·
Isolated
(ug)

A

'
Group 1

4

0

64

140

204

Group 2

8

800

191

420

611

89

Group 3

8

800

174

430

603

96

1 control
2 astaxanthin
3 astaxanthin and tetracycline
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Figure 1.

Flowchart of experimental design.

GROUP 1

GROUP 2

35 days
regular
feed

35 days
regular
feed

GROUP 3

28 days

regular
feed

l

'

7 days
regular feed
+ antibiotic

J,
astaxanthin
administered

astaxanthin
administered

7 hrs.

sacrifice

sacrifice
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7 hrs.

sacrifice

Figure 2.

HPLC chromatogram of retinol in rainbow trout
intestine. Peak, 1. dehydroretinol (A 2 );
2. retinol (A1 ) condition. ACCN:DCM:REOH •
70:20:10. Flow rate, 0.5 ml/min.
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Figure 3.

Suggested mechanism for the formation of ret1n
and 3,4-dehydroretinol from astaxanthin in f1
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MANUSCRIPT III

IN

VITRO METABOLISM OF 3 H-3S,

3s-ASTAXANTHIN IN RAINBOW

TROUT (SALMO GAIRDNERI)

'

ABDULRHMAN S. AL-KHALIFAH

DEPARTMENT OF FOOD SCIENCE AND NUTRITION
UNIVERSITY OF RHODE ISLAND
KINGSTON, RHODE ISLAND

02881 (USA)

ABSTRACT

In

vitro

uptake

and

metabolism

of

3H

3s-astaxanthin in the intestine of rainbow trout
9

-3S,
(Sal~£

airdneri) were investigated by incubating amiceller that

contained labelled astaxanthin for 60 min. at 14 + 1°c
through strips of duodenum and everted sacs.
intest i ne extract were analyzed by HPLC.

Samples of

It was found

that 12.3 percent of the astaxanthin was taken up by the

'
duodenum,

~ut

only 3 perc e nt by the i l iem.

Retinal was

detected, but it was very low in both intestinal segments.
This indicates that very little of the astaxanthin was
metabolized to retinal during the incubation period.
The HPLC and radio isotope data, proved that rainbow
trout wer e able to convert astaxanthin to vitamin A.
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-Introduction
Desp i te

the widespread distribution of freshwater

fish and their often significant economic value,

advances

in our understanding of their nutritional physiology have
been limited to a preliminary description of metabolic
processes involving amino acids (Marco t te et al. 1984;
Habibi 1984; Yamamato 1966; Hokazono 1979) and lipids
(Yamamato 1966; Sir et al. 1981; Ezeasor and Stokoe 1981;
Baue~meister

of

et al. 1979).

fresh~ater

One of the least studied areas

fish nutritional physiology is nutr i ent

absorption and metabolism.
We

studied

c a r o t e no i d s

in

the

absorption

r a i n bo w

t r out

and

me.tabolism

( S a _l m.2.

of

.9.~i.!:..£~~.!:..!J

.

Carotenoids are fat-soluble pigments related to vitamin A.
Of the carotenoids, the most important naturally occurring
vitamin A precursor for animals is

f>

-carotene (Sporn e t

al. 1984) and dehydroretinal (vitamin A2) for freshwater
fish (Baru et al.

1977; Hata et al. 1973).

Sin ce ~

-

carotene is the best-known carotenoid, more information is
available on its digestion,

absorption and deposit i on in

tissue (Sporn et al. 1984).

However, astaxanthin (3, 3'-

dihydroxy

p ,~

-carotene-4, 4'dione) is the most commonly

occuring carotenoid in aquatic organisms.
It has be e n claimed that astaxanthin can act as a
vitamin A precursor.

The biosynthesis of vitamin A from

astaxanthin was first

conclusively demonstrated by
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Grangaud et al.

(1962).

They fed astaxanthin to vitamin-

A-deficient fish and found a definite increase in the
vitamin A content of the fish livers.
conversion

of

astaxanthin

to

Since then, the

vitamin

A has

been

demonstrated in a variety of freshwater fish (Gross et al.
1966; Schiedt et al. 1985; Al-Khalifa 1986).

Several investigators have studied the metabolism of
-carotene in rat intestine (Olson 1964; Hollander 1977;
Hollander 1981; El Gorab 1975), 1n freshwater fish (Hata
1973),

and in different tissues of animals.

'

However,

little information is available on the metabolism of
astaxanthin, and its absorption in the intestine.
In studying astaxanthin conversion in rainbow trout,
Al-khalifa and Simpson (1986) observed an almost complete
inhibition of the conversion when fish were f e d a vitaminA-rich diet.

They also found that when astaxanthin was

administrated by a feeding tube to fish fed a diet free of
vitamin A, the vitamin A content of the intestine of the
fish increased.

Furthermore, when the fish were given

Tetracycline, an antibiotic, the conversion rate was not
affected.
Th e
functions
Thus,

intestine

performs

complex

physiological

and it is a target tissue for astaxanthin.

the metabolism of astaxant in in intestinal tissue

is important in understanding its mode of action.
The digestive tract of rainbow trout consists of a
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foregut (mouth, esophagus, and stomach), midgut (duodenum
and ileum), and hindgut (rectum and anus) (Weinreb and
Bilstad 1955; and Burnstock 1959).

The gross anatomy of

the digestive tract is shown in Figure 1.

The short

muscular esophagus leads to the J-shaped stomach, which
consists of a cardiac, intermediate, and pyloric region.
The pyloric valve leads to the ascending or anterior
portion of the intestine.

This region has pouch-like

extensions, called the pyloric caeca.
the intestine consists
rectum.

'

The remainder of

of the midgut region and the

The midgut is generally considered important in lipid
and carotenoid absorption.

The two midgut regions may

differ greatly in their absorption and metabolism.
Different numbers of cell types in the two regions may
produce different functional properties.
(1966), Sir et al.

Yama moto et al.

(1981) and Ezensor et al.

(1981)

demonstrated that the duodenal portion is the major site
of lipid absorption.
In our study,

we exposed the duodenal

and ileal

segments of rainbow trout to labelled astaxanthin and
analyzed them for metabolites to compare the uptake and
metabolism of astaxanthin by the two portions of the
intestine.

Our findings provide a basis for using the

intestine to search for biologically active astaxanthin
metabolites.
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Materials and Methods
Ra i n b ow

t r ou t

( ~~.l!!!.2.

.9.~.i.!:..£~~.!:..i)

we i g h i n g

approximately 500 g were obtained from the fish culture
unit of the University of Rhode Island.

They were

maintained in a circulating system at 12+ 1°C.

The

photoperiod was 1 2 hours of light and 12 hours of
darkness.
Trout were stunned by a blow to the head and their
spinal cords were then severed.

An incision was made from

th e an a l' v en t ant er i or 1y a 1 on g t h e mi d 1 i n e of t h e b e 1 1y ,
exposing the viscera.

The digestive tract was removed.

Intestinal contents were expressed with a pair of forceps.
Fat and mesentery adhering to the serosal surface were
removed.

The gut was washed with buffer solution.

The

gut was cut into the duodenal and ileal segments and
immediately placed in a Petri dish containing the buffer
solution in continuous equilibration with 95% 02-5% C02·

Ileal Segment.
The ileal portion was everted by the method of Smith
and Lane (1971) (Fig. 3).

The gut was firmly tied to the

applicator with a thread and everted by gently forcing.
The everted intestine was cut free with a razor blade and
removed from the applicator after one end of the everted
gut was firmly tied with a thread.

The everted intestine

sac preparation was then firmly tied to a Pyrex tube
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modified from Crance and Wilsing (1958) filled with buff e r
solution (on the serasal side) (Fig. 4), and suspended in
7 .10 ml of the incubation medium (containing labeled
astaxanthin) (the mucosal side) (Fig. 5).
The entire
apparatus was incubated in a water bath at 14+ 1°c for 60
min.

A mixture of 95% 02·5% C02 was bubbled through the

mucosal buffer medium.

The gas flow rate was adjusted to

avoid physical damage to the gut mucosa.
Duodenal
segment
'

(pyloric c _ca)

Since pyloric caeca (Fig. 2) have many diverticula,
the duodenum (none-everted) was prepared for incubation as
strips (Schachter et al. 1960).

The gut wall was slit

longitudinally along the antimensenteric side, and the
segment was flattened with the serosal side facing down.
The rectangular segment was then sliced through the entire
thickness of the gut wall with a sharp blade, once
longitudinally and three times horizontally.

They were

randomly divided and incubated in 25 ml Ehrlenmeyer flasks
containing incubation medium for 60 min.

~~~l~:

The buffer solution used was a Ringer

solution for trout of composition (gl), NaCl 7.37 g, KCl
0.31 g, CaC1 2 0.17 g, MgS0 4 0.14 g, KH 2 Po 4 0.46 g, and
Na2P04 2.02 g, (pH 7.3). The incubation medium was the
buffer solution to which was added 0.3% Tween 20, 0.1%
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glucose, 4.4 mg astaxanthin (specific activity 189 ucu/mg,
gift from Hoffman La-Roche, Switzerland), and a given
amount of bile acid (Olson, 1964).

Analysis
After exposure to incubation medium with labelled
astaxanthin, the intestinal section was washed three times
in warm buffer solution to remove radioactivity adhering
to th e s u ~f ace.
ml

T h en th e s e c t i on wa s h om o gen i z e d i n 1 0 0

of a hexane-ethanol

following
retinal.

carriers:

(3:1)

mixture

astaxanthin,

containing the

retinal

ester,

and

The hexane phase was evaporated to dryness under

a stream of nitrogen and dissolved in a known volume of
hexane.

An aliquot was taken and the radioactivity was
measured. A portion of the sample, usually 2-6 X 10 4 dpm,

was then used for the separation of astaxanthin metabolism
by HPLC.

All

operations

were

carried out

under

incandescent light or in the dark.

High Performance Liquid Chromatography (HPLC)
The HPLC instrumentation consisted of a Waters model
6000A solvent delivery syst e m (Waters Assoc., Milford,
MA), a Waters U6K injector system, and a Perkins-Elmer LC85 spectrophotometeric detector connected to a PerkinsElmer LCl-100 integrator (Norwalk, CT).

A 10 um C-18

stainless steel column (25 X 0.4 cm) was used (Merck,
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Germany).
The chromatographic mobile phases were mixtures of
HPLC-grade acetonitrile, dichloromethane, and methanol;
(Fisher Scientific,

Medford,

MA).

All solvents were

filtered through a <0.45 mm membrane filter (Gelman,

Ann

Arbor, MI).

Determination of Radioactivity
Fractions were collected from the column in 20-ml
vials;

10 ml of scintillation fluid,

l\quasol

II

(New

England Nuclear, Boston, MA), was added to each vial.
Each vial was then counted for 3H radioactivity for 10
minutes in a Packard Tricarb Scintillation Counter model
3255 on the 3H/3H 0 mode.
The counts per minute [CPM]
value for each 3H fraction was then corrected for sample
counting efficiency using an internal standard procedure
and converted to disintegrations per minute [dpm].

Results
In t h is study the duodenal and ileal po r ions of
intestine were mounted separately to compare uptake and
me t a b o l i s m o f

3 H2 , - 3 s , 3 s'- a s t a x a n t h i n •

Samples

of

intestine were analyzed by HPLC to determine the extent to
which the label had been modified during transport.

Table

1 shows the distribu t ion of 3H in the two midgut segments

of rainbow trout intestine after 60 min. of incubation in
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labelled astaxanthin.

The primary

labelled compound

present wa s identified as astaxanthin, by elution with
front solvent.

12.3% of the radioacti vity was taken up by

the duodenum (pyloric caeca) while the ileal portion took
up only 3%.
segments,

Retinal was very low for bot h intestinal

indicating that very 1 ittle of the astaxanthin

was metabolized to retinal during the incubation period.
This was identified as retinal by comparison with elution
of labeled and non-labled standard.

The chromatogram of

the duodenum is similar to that of the ileum.

An HPLC

chromatogram of the extract of the duodenum is shown in
Figure 6.

Discussion
Most studies favor the concept that miceller phase is
the preferred physiological

state for most

efficient

absorption of lipids from the intestinal lumen.

The fat-

soluble carotenoids are insoluble in aqueous solution but
soluble in lipid solvent.

They are similar in their

physical characteristics to other important biological
compounds such as cholesterol and fatty acids.
Since the intestinal lumen is an aqueous environment,
absorption of fat-soluble caro te noids is accomplished by
interaction of bile acids with the carotenoids.
acids possess hydrophobic and hydrophilic ends.
Critical

micellar

concentration,
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bile

The bile
Above a

acids

form

aggregates

called

The

micelles.

micellar

particles

present the polar ends of the bile acid toward the aqueous
environment, and the non-polar portion toward the anterior
of the particles.

The non-polar interior of the micellar

particles form an ideal environment for solubilizing fatsoluble carotenoids.
micellar

solutions

Adding detergent oil to bile acid
expands

the

micelles

and

thereby

increase the solubilization of fat-soluble carotenoids
within the micellar particles.
This study confirmed earlier observations (Granguard
1962; Schiedt 1985) that freshwater fish were able to

convert astaxanthin to retinol.
amounts were converted.
activity

However, only very smal 1

This could be explained by low

of astaxanthin

as

a source of vitamin A.

Conversion of carotenoids that have a retinol structure at
one

or

both

cryptoxanthin)
species.

ends
has

(for
been

example,

demonstrated

-carotene
in

many

or

animal

Thus, fish possess an enzyme system that

catalyzes the cleaving of carotenoids into retinol.
It was reasonable, though, to speculate that since
they had the ability to convert astaxanthin to vitamin A,
freshwater fish might supply vitamin A by this conversion.
When fresh

water fish

are faced with

a serious

shortage of vitamin A in the diet, they could synthesize
the vitamin A they required from the carotenoid source
available to them and thus compensate for any deficiency
55

of vitamin A in the diet.

Under

normal

however, this conversion will not happen.

conditions,
Isolating the

enyzme system responsible for reduction and conversion is
an area for future research.
It was shown that 12.3% of the astaxanthin was taken
up by pyloric caeca while only 3% by the ileum.
difference

may

surface areas
parameter.

have occurred

because
This

were different.
Bergut

et

al.

(1975)

the
is
and

This

absorption

an

important

Ash

(1980)

demonstrated that these portions of the intestine had
comparable lengths but different uptake surface areas.

In

our study, the uptake capacity of the duodenum (pyloric
caeca) was higher than that of the ileum.

This is in

agreement with other studies, which demonstrated that the
duodenum is the major site of lipid uptake (Yamamoto 1966;
Sire et al. 1981; Ezensor and Stokoe 1981).
In summary, the present work provided HPLC and radio
isotope data to confirm that rainbow trout are able to
bioconvert astaxanthin to vitamin A.

The results

confirmed earlier observations that the maj or pigment in
aquatic animals is converted to vitamin A.
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Table 1.

Radioactivity is~lated from the intestine after
incubation with H-astaxanthin

Portion
of intestine
pyploric caeca
(duodenal)

Pigment

Radioactivity
pm)

%

uptake

astaxanthin
retinol

125000
670

12. 3

astaxanthin
retinol

31500
125

3.0

\

ileal
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Figure 1.

Gross morphology of the digestive tract of
the rainbow trout, Salmo gairdneri
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Escpnagus

\

- - • - - - Cardiac Stor.iac'.1

Int estine
Rectum

.---

Figure 2.

Diagram of the intes t ine of the trout:
duodenal (A); ileal (B); and rectum (C)
portions, pyloric valve (P.V.) and anus
(A) •
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'

-----------

Figure 3.

Eversion of the fish intestine. One end of the
gut is securely tied to the glass rod
applicator (a, b). The gut is gently forced
over the tied portion and onto the applicator
(c, d). The everted intestine is cut free (e}.
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Figure 4.
Filling the i ntestinal sac.
(a) A loop of
thread is placed around a length of intestine which has
been carefully drained and tied shut. (b) A polyethylene
syringe tip is inserted into the sac and the overhand knot
is tightened.
(c) The intestine is filled.
(d) The
syringe tip is removed and the knot is tightened further.
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Fig ure 5.

Intestinal sac apparatus (after Smith and Lane,
1971)
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ADD OR REMOVE
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MUCOSAL MEDIUM
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Figure 6.

Id e ntification of 3H label following incubat1o
of re~resentative of fish ~uodenal for 60 min.
with H, 3S, 3S, astaxanth1n
represents radioact·vity
represents chromato g am obtained from
injection of non label standard on the
column.
Peak: 1, astaxanthin; 2, retinal
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Astaxanthin

(c 40 H52 o4 :3,3'-dihydroxy-BB-carot e ne-

4,4'- dione) is th e most commonly occurring carotenoid in
aquatic organisms.

It has two carbonyl groups, eleven

conjugated ethylenic double ba n s and two hydroxy groups
which make esterification possible.

The pink

to red

coloring of ma y echinoderms and crustaceans, the skin of
several fishes, and the meat of many sa l monid fish consist
partly or wholly of astaxanthin and its e st ers (Fox, 1957;
Simpson et ' al., 1981; Straub, 1976).
Astaxanthin was first isolated from the shell of
lobster as the form of astacene (B,B-carotene-3,3',4,4'tetraone) by Ku n and Lederer (1933).

Later astaxanthin

was isolated from the lobster egg (Kuhn and Sorensen,
1938a,b) and the structure of 3,3'-dihydroxy-B,B-carotene4,4'-dione

was

determined

based on

the

structure

astacene which was determined by Karrer et al.

of

(1934,

1935).
Since astaxanthin was isolated from the lobster (Kuhn
and Lederer, 1933),
organisms.

it has been found in a number of

It was originally believed that astaxanthin

was a typical animal carotenoid.

However,

of astaxanthin from the green algae,
£.l~~.i~l.i~

the isolation

Ha~~~l£££££~~

(T i s c h e r , 1 9 3 8 ) , t h e f 1 a g e 1 1 a t e ,

h eliorubescens
--------------

(Tischer, 1941), the yeast,

£.~.2.l~.!!.~

Phaffia

rhodo zrrna (Andrews et al., 19 76) and the higher plant,
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Adonis annua L. (Seybo l d and Goodwin, 1958; Egger, 1965)
and A. aestivalis (Neamtu et al., 1966) disproved the view
that astaxanthin is purely an animal pigment.

Pigmentation of S l monids:
Carotenoids are the main pigment of many aquatic
animals,

in Salmonids such as trout.

Astaxanthin

responsible for the typically red color of the flesh.

is
The

coloration of salmonids has become of interest in the

' and important factor af f ecting consumer's
cultivation
acceptance.
The astaxanthin is of dietary origin (Steven 1947)
and has received great interest in the cultivation of
salmon and trout.

In aquaculture, astaxanthin and

canthx an thin are commonly used as pigmenters (Bauernfeind,
1976, Simpson, 1981).
Pigmentation s tudies with astaxanthin for rainbow
trout use crustacen waste material as pigment source.

It

has been reported that 90- 9 5% of the pigments in red crab
processing waste (K uo et al., 1976), shrimp meal waste
(Lambertsen and Braekkan, 1971; Kamata et al., 1976;
Chouber t et al., 1983 ), crawfish (Chen and Meyers, 1982)
are in some form of astaxanthin.
Spinelli et al. (1974) fed red crab meat to 7-monthold rainbow trout for 60 days and they observed that the
fish had a hue similar to the reddish cast of ocean-caught
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salmon.
Saito and Regier (1971) fed diets containing 20 and
30% shrimp waste and 20% crab waste.

After 8 weeks on the

30% diet, brook trout were similar in color to those fed
for 12 weeks on 20% shrimp meal.

Petersen et al. (1966)

fed raw crayfish and a crayfi s h extract to rainbow and
brown t rout.

Although the amount of p igment in the diet

was adjusted to be eq ua l,
results.

Steel

t he e xtract provided better

(197 1 ) s t ud i ed

several

diets

and

he

observed ' that shrimp waste meal and pigment extract were
most ef f ective for pigmentation of trout.

He also noted

that t he most rapid pigmentation was obtained with shrimp
meal extract.

Kuo et al. (1976) fed rainbow trout diets

containing 20% freeze-dried Atlantic red crab, Geryon
quinquedens waste and pigment e xtract.

Fish fed the crab

waste diet grew as fast as the contarols, but there was no
significant coloring effect over the controls.

On the

other hand, fish fed carotenoid extract from the crab meal
showed an excellent red coloration.

Kamata et al.

(1976)

fed rainbow trout diets consi st ing of shrimp protein and
pigment extract from the protein absorbed on a commercial
trout ration.

The results indicated that the protein or

pigment extract could be used as a pigment and a protein
source for Salmonids, raised in aquaculture.
Choubert and Luquet (1983) fed rainbow trout diets
containing 30% shrimp meal,
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this caused a reddish

pigmentation of the skin and muscle.
The pigmentation of trout with pigment extracts from
pla nt sources has been reported by several authors.
Peterson et al. (1966) fed paprika extract to rainbow
trout.

They observed that fish deposited undesirable

yellow pigments in the skin.

Lee et al.

(1978) used

extracts of marigold and squash flower as a pigment source
for trout.

They reported that the fish fed with squash

flower extract showed better coloration, but the fish fed

'
with marigold
extract had undesirable yellowish
coloration.

Kamata et al (1977) studied the utiliza t ion

of Hyppophae rhamnoides oi

1 (5

mg% pigment in diet) as a

pigment source for rainbow trout.

After a 4-week feeding

period, some red coloration was obseved.
(1986) fed the flower,

Kamata et al.

donis aestivalis and its pigment

extract to rainbow tro ut.

They found th a t the fish fed

with adonis extract showed excellent pigmentation.
However, a direct feeding of the flower caused high
mortality possibly because of some toxic compound in it.
A number of

investigators have used crystall i ne

carotenoids for pigmentation of salmonids.
fed B-carotene to trout,
coloration.

Ste ven (1947)

but he could not g t

a good

The use of crystalline B-carotene has not

been successful.

Saito and Regier, 1971; Deufel, 1965;

Schmidt and Baker, 1969; Steel, 1971; Bauern f eind, 1976.
These investigators used canthaxanthin for salmon i d
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culture and cantaxanthin could rapidly be taken up by
trout and salmon in flesh and skin.
Astaxanthin is the best pigment source for salmonids,
crustaceans and sea bream.

Torrissen and Braekkan (1979)

and Kamata and Simpson (1976) reported on the feeding of
pure astaxanthin, its mono- and diester, and astacene, t o
rainbow trout.

These reports taken together show that the

skin preferentially takes up the esters and deposits all
fed forms as · the esters.

Astaxanthin is found only in the

flesh as the free form.

Regardless of the form fed to the

fish, either esterified or deesterified, the esters are
deposited in the skin and the free form deposited in the
flesh.

Schiedt et al.

(1985)

studied absorption

and

pigmenting efficiency of astaxanthin, canthaxanthin and
zeaxanthin
astaxanthin

in

rainbow

was

the

trout.
best

They

reported

pigmenter,

canthaxanthin and astaxanthin dipalmitate.

that

followed

by

Foss et al.

(1984), and Storebakken et al. (1985) also reported that
optical isomers of astaxanthin were more efficacious than
canthaxanthin in pigmenting the flesh of rainbow trout and
salmon.

Foss et al. (1984) investigated the efficiency of

optical isomers of astaxanthin in trout, and they found
that the same utilization was present in all three
astaxanthin isomers.

Schiedt et al. (1985) carried out

similar experiments.

They found equal absorption and

deposition of "racemic" and (3S,2'S)-astaxanthin and a
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slightly increased deposit i on of (3R,3'S)-compared with
(3S,2'S)-astaxanthin.

Both

groups

also

fou d that

no

epimerization occurred in trout af t er a dministration of
fr ee (3S,3'S)-, (3R,3'R)- and (3 R,3 ' S)-astaxanthin.

Forma t ion of Astaxanthin in Fi sh
It

has

been

concluded

by

Goodwin

(1950)

that

carotenoids are manufactured de novo only in the plant
world.

Since animals are thought not capable of de novo

synthesis 'of carotenoids, these compounds must be supplied
in the diet,

but many marine animals have metabolic

capacity to modify structurally dietary carotenoid
(Liaaen, 1978).

Carotenoids from food can be converted

into astaxanthin in some aquatic animals.
Several authors have reported that goldfish is
capable of the conversion of carotenoids.

Katayama et al.

(1970a, 1970b) reported that lutein was converted to
astaxanthin in Carassius auratus, these authors proposed
that astaxanthin was formed from lutein via
doradexanthin and,8-doradexanthin.

Oic-

This conversion was

f urther confirmed by Hsu et al. (1972) using 14 C-lutein.
Hata et al. (1971) reported that most of the fresh
water red fish belong to cyprinidal species.

They can

convert zeaxanthin to astaxanthin (zeaxanthin

~

doradexanthin

~astaxanthin,

but cannot convert

cantaxanthin and,A-carotene to astaxanthin.
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Rodriguez et

al.

(1973) reported that astaxanthin level of the fish (b._

auratus) was significantly increased when /}-carotene,
isocryptoxanthin, echinenone or canthaxanthin was fed.
Lobster, prawn and crab can convert
astaxanthin

through

isocryptoxanthin,

hydroxy-4-Keto- I-carotene,

~-carotene

into

echinenone,

ca nt haxa nt h i n

4-

and

phoenicoxanthin, Katayama et al. (1972, 1973, 1974).
Carotenoids

from

food

can

be

converted

astaxanthin in some aquatic animals;

for example,

into
the

'
prawn (Penaeus
japonicus), lobster (Panulius japonicus)
and crab (Portunus trituberculatus).

The crustacea can

convertj3-carotene and zeaxanthain to astaxanthin.

The

proposed metabolic pathway in these animals is as follows:
~-carotene 7> echinenone .;:. canthaxanthin

~phonicoxanthin

YCi s t ax a n th i n , an d z ea x a n t h i n ~~ - or ad ex a n t h i n ~
astaxanthin (Tanaka 1978).
Louis et al. (1983) demonstrated that lobsters are
able

to

use

dietary P-carotene,

echinenone

and

canthaxanthin a s precursors in the production of their
primary

tissue

capability

is

b iosynthetic
canthaxanthin

car o tenoid,

consistent
scheme
~

of

astaxanthin,

with

/3

generalized

this

crustacean

~ echinenone

-::>

or ~-cryptoxanthin

;:>

-carotene

astaxanthin

and

zeaxanthin ;::> astaxanthin.
Matsuno et al.

(1984) reported that spindle shell

E.~~.i.!!.~~ .P.~.!:..P..l~~ u s

c a n c o n ve r t ~ - c a r o t e ne t o 3 S, 3S -

'
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astaxanthin

via

ec h inenone, 4' hydroxyechinenone,

cant hax a nthin, and (3S) phoenicoxanthin.
Salmonids,

on the other hand,

cannot convert any

carotenoid to astaxanthin (Tanaka 1978).

They can only

transfer astaxanthin from food organisms to their own
tissues.

Peterson et al. (1966) suggested that

-carotene

was not converted into canthaxanthin in significan t amount
of rainbow trout.
rainbow

trout

zeaxanthin ' and

Hata and Hata (1975) reported that

have

no

ability

to

oxidize

-carotene into astaxanthin,

utein,

and that the

acculumated astaxanthin in the muscle of salmonid is from
those ingested.

Metabolic Pathways of Astaxanthin in Fish
Metabolic pa hway of astaxanthin conversion in fish
are r e verse reaction of keto-oxidation of zeaxanthin
carotene to astaxanthin in many animals.

or~

This metabolic

route for reduction of astaxanthin, is a new area, and has
only now been inves t iga t ed.
Fujita et al.

(1983), cul t ured red sea bream with

astaxanthin diester Purified from krill oil.

This

indicates that astaxanthin diester has been metabolized to
tunaxanthin
....
3-epilutein.

via f-carotenetriol,

z eaxanthin

and

Chum salmon appear to be unique in that astaxanthin
in the muscle is converted to zeaxanthin in the skin
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during the period p receding spawning (Kitahara 1983).
These conversions (Figure 1) of astaxanthin

-;::>

4 keto

;:>ft-carotene-trial ~ zeaxanthin

zeaxanthin {adonixanthin)

has not been found in other fishes and is a phenomenon
peculiar to salmon during anadromaes imigration.
Kitahara,

1984,

studied th e

behavior

of

carotenoids in t he chum s almon (oncorphynchus keta).
autho r s u gg e sted that during development,

The

astaxanthin

which was i n t he free state in the beginning was gradually
reduced , a n'd was converted i nto other x ant hop hy 1 1s of the
ester ty p e.

Goswami,

B. e t

al.

(1984) studied the

metabolism of astaxant hin in the fresh water fish (Hetero
pneustos fo s silis).
c nverted

It was found that astaxanthin was

i ntofd-(J -carotene in the

intestine and

dep osit ed · n l iver.
Miki

et al.

1 98 ) studied t he metabolism of

dietary j3-c a rotene cantaxanthin,

astaxanthin di ester,

astaxanthin monoester , a nd astax anthin in eggs of Red Sea
bream.

He reported that only keto and non-esterified

ca r otenoids were dete c ted in the eggs,
transferred into
esters

were

he eggs but

c onverted

canthaxanthin was

ot t1-carotene.

largely

Astaxanthin

to

non-esterified

astaxanthin and partly to dorade xanthin.

He presumed that

idoxanthin present in the eggs was derived from nonesterified astaxanthin in the diet.
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Figure 1.

Metabolic pathway from astaxanthin to
zeaxanthin in matured chum sal mon
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Fujita et al.

(1983) presume that astaxanthin esters

in the krill oil was mebolized to tunaxanthin fraction via
-carotene trial, zeaxanthin, and 3' epilutein, in yellow
tail fish.
Miki et al. (1985)

xamined the bioconversion of

astaxanthin and lutein in the yellow tail fish.

He

presumed that astaxanthin was metabolized to tunaxanthins

...

viap-carotene-triol, zeaxanthin and 3-epilutein.

The

overall pathway is given in Figure 2.
Matsuro et al. (1985) Studied the reductive metabolic

' astaxanthin in fish.
pathways fo (3S,3S)

He concluded

that these pathways can be divided into two groups: (i)
those that metabolize (3S,3'S)-astaxanthin into (3R,3'R)zeaxanthin via (3S,4RS,3'R)- //-carotene-3,4,3'-triol
(i.e. mackerel and yellowtail); (ii) those that meta bolize
(3S,3'S)-astaxanthin into tunaxanthin A, B, and C
1

[(3S,6S,3 S,6 S)-, (3R,6S,3 S,6 S)- and (3R,6S,3'R,6'S) 1

1

1

f,f- carotene - 3, 3 • d i o 1 , respect i ve 1y v i a (3 R, 3 •R) zeaxanthin, (3R,,6'S)-3-dydroxy-t8E'-caroten-3'-one and
(6S,6's)-

carotene-3,3'-dione (i.e.

dolphin and flying

fish).
Schiedt, et al. (1985), investigated the metabolism
of astaxanthin, and canthaxanthin, in skin of rainbow
trout and atlantic salmon (Salmo salor).

They found that

astaxanthin was converted to deepoxyneoxanthin viafiadoni xanthin, zeaxanthin, and antheraxanthin shown in
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Figure 2.

'

Metabolic pathway from astaxanthin to
tunaxanth i n in yellowtail
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Figure 3 in rainbo w trout while in Atlan t ic salmon only to
zeaxanthin via idoxanthin or p-adonixanthin.
Canthaxanthin was converted tof-carotene vi a echinenone
in both rainbow trout and atlantic salmon.

Carotenoids as Vitamin A Precursors in Fish
Several carotenoids are capable of acting as
provitamin A precursors.

It has been conclusively

established that a number of carotenoids with at least one
unsubstitut~d,B-ion

ring and fully conjugated isoprenoid

side chain can serve as the precursor of retinol in fish.
Earlier reports indicated that both vitamin A1 and A2 can
be formed from a common precursor such as,P-carotene.
Hata, et al. (1973) study in vivo and in vitro
conversion of .B-carotene to retinol1 and retinol2 in two
fresh water fish species (funa) carassius auratus and
(Raigyo) Chana argus cantor, using the radio isotope
tracer technique, it was found that retinol 1 and retino1 2
were synthesized fromP-carotene, and the ratio was
different be t ween the two fish species.
Goswami et al. (1981), study the metabolism of/lcarotene in fresh water fish Channa gachua, it was
concluded from the studies that fish are capable of the
conv e rsion of ~-carotene into either retinol or retinoic
acid, but are unable to convert cB-carotene into
dehydroretinol.
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Figure 3.

'

Metab oli c pathway of astaxanthin in
r ai nbo w trout
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Barua, et al. (1977) examined the bio conversion of
(>carotene and lutein in fresh water fish Saccobranchus
fossilis,

which

had

been starvated for 20

days.

He

presumed that only retinoic acid could be isolated from
the

intestine

for

fish

fed 19-carotene,

while

dehydroretinol and 3-hydroxyretinol could be isolated from
the intestines of fish fed lutein.
Barua, et al. (1973).

Study the conversion of lutein

into dehydroretinol by Saccobranchus fossilis depleted in
vitamin A\
not

It found that {3 -carotene and zeaxanthin were

converted to dehydroretinol,

while lutein was

converted.
~arua,

et al. (1975), reported that lutein can act as

a precursor of dehydroretinol, and anhydrolutein can be
intermediate in this transformation, in Saccobranchus
fossilis, depleted in vitamin A.
Goswami, et al. 1982, study the metabolism of lutein
( ~,£- c a r o t e n e - 3 , 3" d i o 1 ) i n c 1 a r i a s b a t r a c h u s a nd o mp ok ~

it was found that lutein is centrally cleaved into
dehydroretinol via anhydrolutein, 3-dehydroxyretinol and
3-hydroxyanhydroretinol in both species.
Goswami, et al. (1984), reported that lutein can
serve as an efficient precursor of dehydroretinol in the
fresh water fish Heteropneustes fossilis, with anhydro
lutein (3,4~didehydro-p-p-caroten-3-0l) an intermediate in
this transformation.
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Goswami (1984), study the metabolism of
crypotaxanthin in fresh water fish.
~

Channa gachua, Labeo

(retinol-rich) and Heteropneustes fossilis

(de hydroretinol-rich).

it was concluded that retinol-rich

fresh water fish can convert cryptoxanthin into retinol
and no 3-dehydroretinol or 3-hydroxyretinol and 3dehydroretinol were isolated from the vitamin-A deficient
H. Fossilis, after administration of cryptoxanthin.
Grangaud et al. (1957, 1962), Study the conversion of
astaxanthin to vitamin A in vitamin A depleted Gambusia

'

holbrooki, using vivo and vitro study, they concluded
that astaxanthin converted to retinal and the probable
steps as follows (Figure 4) {a) reduction of astaxanthin
top-carotene, (b) conversion of~-carot e ne into vitamin
A1 (or retinol), (c) dehydrogenation of vitamin A1 to A2
(or of retinal to 3,4- de hydroretinal).
Gro s s et al. (1966), examine the conversion of some
carotenoids into vitamin A1 and A2 in guppies (Lebistes
reticulatus) and platies (Xiphophours variatus), they were
found to form vitamin A from

-carotene and f rom its

oxygen-containing derivatives isozeaxanthin, canthaxanthin
A slight conversion into vitamin A2
Lutei n was devoid of provitamin A properties.

and astaxanthin.
occurred.

Schiedt et al.

(1985),

studied the conversion of

astaxanthin, canthaxanthin and zeaxanthin in vitamin Adepleted

rainbow

trout,

it

93

was

found

that

t h ese

carotenoids, could be

precursors of vi tamin Ai and Az i n

freshwater f ' s h.
Lambertsen e

a l. (i969) confirm t he conversion of

vi t u in Ai to vitam i n A2 in y oung rainbow trout.

'
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Figure 4.

Suggested mechanism for the formation of
retinol and 3,4 dehydroretinol from astaxanthin
in fish
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APPENDIX B
LABORATORY AQUARIA FOR TROUT

'
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Fish Culture system

The 125-gallon fiberglass tanks, which were equipped
with a water nozzle, aeration system and water drain, were
used for cult uring fish (Fig-1).
The water was jetted in each tank by nozzle with a
flow rate of 2 gallons per minute to give suff i c i ent swirl
which could clean the tank continuously by swirling down
the waste materials (excess fe ed, feces of fish etc.) to
t.he center\ of the bot to m o f the tank and the materials
could be carrie dout by water throu gh the holes of center
pipe.

Furthermore, this jet water could carry in some

amount of oxygen.
turbulent water.
approximately

11~

Rai nbow t rout like to live in swift
The temperature of the water was
zoc.

The aeration system which is composed of air
compressor, air line and air stone could sup p ly an
sufficient oxygen level of approximatley Bppm for fish.
The water drain is composed of two concentri c pipes.
In the outer pipe, there were holes in the top and bottom.
As mentioned above, water and waste materials were drained
out through the bottom holes then up to the linner pipe to
materials, the water could be drained out through the top
holes.

Thus the wate

l vel in the tank would be kept

lower than outer ce t r ic pipe a nd the fish would be
prevent e d from being flushed out.
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A = water nQzzle, B = aeration system, C = drain pipes,
D =water leve l , E = overflow holes

Figure 1.

Laboratory aquaria
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